Our aims in this study were to examine trends in the prevalence of overweight-obesity and underweight among women of Comparing the first to the latest survey in Bangladesh, the prevalence of overweight-obesity increased from 2.7 to 8.9%
Introduction
The rapid emergence of overweight and obesity in developing countries has been recognized as a major public health problem (1) ; in most regions of the world, overweight now exceeds underweight among women of reproductive age (2) . The marked shifts in diet (changes in dietary patterns, structure and composition of diets, and availability of processed foods) and lifestyle (increased motorization, reduced physical labor, increased mechanization of home production-related activities) that have accompanied economic development are considered to be the major drivers of this obesity epidemic (3, 4) .
South Asia has traditionally been characterized as harboring some of the highest rates of underweight in women worldwide and there has been limited research to investigate how the nutritional status of women has changed during the recent period of economic development (5, 6) . Very few populationbased studies have examined the magnitude of the increases in the prevalence of overweight in recent years within this region or whether these increases have been accompanied by concomitant reductions in the prevalence of underweight (5) . Understanding how regional nutritional risk profiles are changing, and the relative speed at which this is occurring, is important for planning policy interventions. This is relevant as both overweight and underweight are associated with adverse health outcomes and addressing their risk factors at the population and subpopulation levels may require different strategies.
Our aim in this study was to examine the trends in the prevalence rates of overweight-obesity and underweight during a recent 7-to 10-y period for women of reproductive age in Bangladesh, Nepal, and India. We used data from nationally representative Demographic and Health Surveys (DHS) conducted in these countries between 1996 and 2006. We also examined the associations of overweight-obesity with demographic and socioeconomic characteristics using the most recent survey in each country.
Materials and Methods
Data sources. We used data from DHS carried out in the South Asia region. These nationally and subnationally representative household surveys use a multistage stratified cluster sampling design and provide cross-sectional data on a wide range of indicators relating to population, health, and nutrition. Surveys are typically carried out every 5 y through well-described and standardized methodology and usually include women aged 15-49 y, men aged 15-59 y, and children ,5 y of age (7) . The more recent surveys have collected anthropometric data (height and weight) using standardized procedures by trained personnel: weight is measured using a solar-powered scale (UNICEF electronic scale or Uniscale) with accuracy to 0.1 kg and height is measured using a standardized measuring board with accuracy to 0.1 cm (7, 8) . Informed consent was obtained from participants at the time of the interview; all DHS surveys are approved by the ORC Macro Institutional Review Board and these anonymous datasets are publicly available to researchers (11) .
The analysis was restricted to those South Asian countries that had more than 1 survey in which height and weight measurements were obtained from participating women aged between 15 and 49 y. In total, 8 surveys were included: 3 from Bangladesh (1996/1997, 1999 Statistical analyses. For each country, we compared the distributions of BMI by year of survey. We estimated the differences in BMI over time from linear regression models, using the first survey as reference. In these models, we adjusted first for the woman's age and parity and then also for education level, wealth index, and place of residence (rural/urban). We tested for trends over time by introducing year of the survey as a continuous predictor into each of the models. Next, we examined the trends in the prevalence of overweightobesity (BMI $25.0 kg/m 2 ) and the prevalence of underweight (BMI ,18.5 kg/m 2 ) in each country, overall and stratified by place of residence (rural/urban). We estimated adjusted prevalence ratios (PR) and 95% CI, controlling for age and parity, and then additionally controlling for education, wealth, and place of residence, from binomial regression models using the first survey as the reference. Tests for trend were performed by introducing year of survey into the regression models as a continuous predictor.
We conducted supplemental analyses to examine whether the changes in overweight-obesity over time significantly differed by place of residence (rural/urban) or education level (none/primary/secondary and higher). For this purpose, we estimated the yearly rate of increase in the prevalence of overweight-obesity from binomial regression models by rural and urban areas and by education level. We tested whether the trends significantly differed between areas of residence or education categories by introducing into the models cross-product terms between the potential effect modifiers and year.
For the latest survey in each country, binomial multivariate regression models were used to examine the sociodemographic correlates of overweight-obesity, including age, parity, martial status, education (none/primary/secondary and higher), residence (rural/urban), wealth index (quintiles), and current smoking status. Adjusted PR and 95% CI for overweight-obesity were estimated from these models for each potential predictor. We repeated these analyses using the first survey in each country to ascertain whether the sociodemographic correlates of overweight-obesity had changed over time.
Because some of the earlier surveys were restricted to women who had recently had children, the analyses were repeated, restricting all samples to women with children ,5 y only. Because these results were essentially the same, we present the analyses without this restriction.
Significance was considered at P , 0.05; all tests were double-sided. Survey sample weights were applied. Analyses were carried out using STATA: release 10 (StataCorp).
Results
In all 3 countries, the mean number of years of completed education (P , 0.001) and the proportion of women residing in urban areas (P , 0.001) increased between the first and last surveys ( Table 1) .
Mean BMI of women of reproductive age increased significantly over time in Bangladesh, Nepal, and India (Supplemental Table 1 ). After adjusting for age and parity, the mean BMI differences between the first and last survey were 1.1 [95% CI: 1.0, 1.3] in Bangladesh, 0.7 [95% CI: 0.4, 1.0] in Nepal, and 0.4 [95% CI: 0.3, 0.5] in India. These increases were still apparent after further adjustment for education, place of residence, and wealth (P-trend , 0.001).
We next examined changes in the prevalence of overweightobesity comparing the first to the latest available survey in each country. The prevalence of overweight-obesity increased in all countries ( Table 2) . After adjustment for age and parity, the There were also significant rural-urban differences in these trends, with the rise being greater in rural compared with urban areas in all 3 countries (age-and parity-adjusted P-values for interaction: 0.003, 0.003, and ,0.001 for Bangladesh, Nepal, and India, respectively).
The estimated mean yearly rates of increase in the prevalence of overweight-obesity for the categories of no education, primary education, and secondary and higher education were 0.46, 0.82, and 1.08% in Bangladesh; 0.64, 0.93, and 0.97% in Nepal; and 0.39, 0.44, and 0.59% in India, respectively. Within each country, these rates differed (age-and parity-adjusted interaction P-values between education level and year: 0.081, ,0.001, and ,0.001, for Bangladesh, Nepal, and India, respectively).
The prevalence of obesity increased in all countries too. Comparing the first to the latest survey, the prevalence of obesity increased from 0.5 to 1.4% in Bangladesh, from 0.1 to 1.1% in Nepal, and from 2.2 to 3.4% in India; the age-and parityadjusted trends over time were significant (P , 0.001, P = 0.029, and P , 0.001, respectively). In the latest survey from each country, the mean BMI of the population within the overweightobesity category was 27.6 kg/m 2 in Bangladesh, 27.4 kg/m 2 in Nepal, and 28.3 kg/m 2 in India. The prevalence of underweight declined over time in Bangladesh ( Table 3) . Comparing the first to the latest available survey, the age-and parity-adjusted PR was 0.68 [95% CI: 0.64, 0.73]. There were modest declines in India [the age-and parityadjusted PR = 0.94 (95% CI: 0.91, 0.97)] and Nepal [adjusted PR = 0.87 (95% CI: 0.75, 1.01)]. The rate of decline in Bangladesh was similar for rural and urban settings, whereas in India, the decrease in underweight was slower in rural compared with urban areas (P-interaction = 0.032).
Finally, we analyzed the correlates of overweight-obesity using the latest survey in each country ( Table 4) . In all countries, the prevalence of overweight-obesity was positively associated with age, increasing relative wealth (adjusted P-trend , 0.001), and urban residence and negatively correlated with smoking. The prevalence of overweight-obesity was positively related to education in Bangladesh and India (adjusted P-trend , 0.001), but this pattern was not observed in Nepal. Analyses of the earliest surveys (Supplemental Table 2 ) suggested that in Nepal, the strength of the association between education and overweight-obesity has weakened over time, whereas the positive relation with wealth has become stronger.
Discussion
We found a substantial increase in the prevalence of overweightobesity in women of reproductive age in Bangladesh, Nepal, and India during a recent 7-to 10-y period. This increase in overweight was accompanied by a considerable decline in the prevalence of underweight in Bangladesh and by modest declines in India and Nepal. In all countries, increases were greater in rural areas and among better educated women. Despite these 4 From multivariate binomial regression models with year of the survey introduced as a continuous predictor. 5 For urban Bangladesh, robust SE were calculated taking into account clustering, but not the complex survey design, as 1 stratum contained a single sampling unit. (10) reported a 2-fold increase in the prevalence of obesity during a 9-y period in women from urban Tanzania. Given the adverse health outcomes associated with overweight-obesity (11-13), these findings are of concern, especially because the prevalence is likely to continue increasing with further development and urbanization.
Trends in overweight in
Although during the study period the rise in overweight and obesity was accompanied by rapid urbanization, it appears that other factors could be driving these changes. Despite being more prevalent in urban areas, overweight and obesity are now nonnegligible in rural areas; indeed, the rise in overweightobesity has been more marked in rural areas where the initial baseline prevalences were lower. Exploring rural-urban differences in factors such as access to different food types, overcrowding and concurrent disease, physical activity, and social norms may help to explain these differences.
Analysis of the correlates of overweight-obesity from the latest surveys showed consistent patterns across these 3 countries, with a clear positive socioeconomic gradient. The prevalence of overweight-obesity was highest in the better-off, whereas underweight was related to poverty, consistent with the findings of other cross-sectional studies from the region (5, 6, (14) (15) (16) (17) . These South Asian countries have not yet reached the threshold of national income of approximately US$ 2500 gross national product per capita where the pattern of population BMI is expected to shift, and the socioeconomic gradient of overweight-obesity reverses (18, 19) and thus they are at the early stages of the nutrition transition. This pattern, and the short time period over which overweight-obesity has increased. are likely to reflect the rapid economic development in the region (20) , which may preferentially benefit the wealthier in society. This is also suggested by the fact that the rates have increased more rapidly among better-educated women. Also, adjustment for wealth and education resulted in an attenuation of the secular change in overweight rates, which could mean that the increases in overweight may be mediated in part by changes in socioeconomic status.
Increasing wealth may affect disposable income, increasing the purchasing power for food and also influencing the type of foods consumed and the intake of preprepared or processed food. In India, analysis of dietary patterns indicates that there is high consumption of animal fats by higher socioeconomic groups, especially in urban areas (21) . Also, the consumption of animal fats and refined sugars per capita has increased in the region during 1996-2003 (22) . Independent of wealth, educational level was also associated with higher prevalence of overweight-obesity. This may be the result of shifts from manual labor to more sedentary occupations and the related decline in physical activity. proportions are weighted with the use of sampling weights. 3 From multivariate binomial regression models with underweight as the outcome. The first survey was the reference category. Model 1 was adjusted for age and parity and model 2 was adjusted for age, parity, education, and wealth. 4 From multivariate binomial regression models with year of the survey introduced as a continuous predictor.
Although there is limited data on physical activity among South Asian women, for urban Indian women, there is evidence that sedentary lifestyles are becoming more common (23) . Also, the societal constructs that determine the cultural perception toward weight and body image may be different from those in the West; thus, weight gain could be perceived as a sign of prosperity as opposed to the stigma that exists in some developed societies (4) .
The declines in underweight during the study period were less consistent than the increase in overweight. The decline was substantial in Bangladesh but only modest in Nepal and India, possibly because of the higher baseline rates of underweight in Bangladesh compared with the other countries. It is interesting to note that Nepal's prevalence of underweight has been consistently lower than that in India and Bangladesh, which may be in part due to the predominantly rural landscape and feminization of agriculture (24) . Achieving further declines from a lower baseline prevalence may be harder to attain over this time period and such progress may have been hindered by Nepal's long running political instability and internal conflict and the subsequent lack of investment in infrastructure and health (25) .
The changing patterns of overweight-obesity and underweight in these countries during the study period are suggestive of widening inequalities in nutritional status within these populations. Despite the recent declines in the prevalence of underweight, the rate of progress has been slow and the burden of underweight still outweighs that of overweightobesity in this region. Furthermore, the global economic crisis of 2008 with its effects on food and fuel prices may have even halted or reversed this progress, especially for the most vulnerable members in these societies (26) . This not only has implications for women's health, but also for the next generation, as maternal nutritional status could influence the risk of noncommunicable diseases in the offspring through fetal programming and changes in the intrauterine environment (27) . There are limitations to this analysis. First, South Asian women appear to have higher fat mass at the same levels of BMI as women from other ethnicities (28) . Thus, the use of BMI $ 25 kg/m 2 to describe changes in overweight may not accurately reflect the corresponding changes in the metabolic and cardiovascular risk profile of women in this region, which may be more serious than that of other populations (12, 29) . Second, although DHS are nationally representative, the earlier surveys had smaller sample sizes and the estimates for overweight-obesity prevalence from these studies may be less accurate. The use of DHS, however, is one strength of this analysis, because they are well conducted, population based, and used consistent methodologies in the assessment of anthropometry. Third, we restricted this analysis to ever-married women to improve the comparability across surveys. While the trends are likely to be generalizable to women aged 20-49 y who are likely to be married, extrapolating these findings to the general female population must be done with caution. Fourth, we were unable to investigate the changes on the direct causes of obesity, including dietary and physical activity patterns, or neighborhood level characteristics (such as transportation, food availability), and state-and country-level factors (such as food pricing and regulation) that could explain the observed changes in the prevalence of overweight-obesity. Further knowledge of these factors will be essential to designing effective interventions that address the dual burden of nutritional problems in these South Asian women.
In conclusion, there has been an overall increase in the BMI of women from Bangladesh, Nepal, and India during the period of 1996 to 2006. This is reflected in a marked rise in the prevalence of overweight-obesity, which preferentially affects the highest socioeconomic groups. Although there have been declines in the prevalence of underweight, it continues to be the most prevalent public health nutrition problem in the region.
